The tuberculin skin test (TST) and QuantiFERON-TB-Gold-In-tube (QFTGIT) are adjunctive tests used in the diagnosis of pediatric tuberculosis (TB). Neither test can rule out TB; however, a positive test usually triggers preventive treatment in TB contacts aged o5 years. TST and QFTGIT can give divergent results and it is unclear how discordant results should be interpreted in terms of TB risk and preventive treatment. To understand the immune processes underlying concordant or discordant TST and QFTGIT results, we analyzed immune responses in children from Palamaner Taluk in India (a TB-endemic region with routine neonatal BCG vaccination) who were referred to a TB case verification ward on suspicion of TB. Two hundred and ten children aged o3 years were classified according to their TST and QFTGIT results, and their immune responses analyzed by dual-colour-Reverse-Transcriptase-MultipleLigation-dependent-Probe-Amplification, using a panel of 45 genes and a 10-plex antigen-specific enzyme-linked immunosorbent assay. We show that immune biomarkers FPR1, TNFRSF1A and interferon (IFN)-g are upregulated (all Po0.05) in concordant testpositive children, whereas BPI is downregulated (Po0.05). In contrast, SEC14L1 (P ¼ 0.034) and Interferon gamma-induced protein 10 (IP-10) (P ¼ 0.001) are differentially expressed between the TST þ QFTGIT À /TST À QFTGIT þ groups. Known TB exposure was more frequent in concordant positive children and results were consistent with elevated expression of genes associated with inflammatory responses. Children with discordant test results displayed a mixed profile with activation of both pro-and anti-inflammatory markers. TST and/or QFTGIT positivity appears to reflect distinct but overlapping aspects of host immunity.
INTRODUCTION
One-third of the world's population is estimated to be infected with Mycobacterium tuberculosis, providing a large reservoir for future tuberculosis (TB) disease. 1 A recent World Health Organization global TB report suggests that children (o15 years) constitute B6% of the global TB disease burden, 2 whereas estimates from TB endemic areas indicate that this may be an underestimate and that in many areas it may be 10-15%, 3 or even higher: under-reporting of childhood TB is common. 4 Following M. tuberculosis infection, young children (aged o5 years) have an increased risk of progression to TB disease, more severe disease and death. 4 This is particularly a problem with very young children, as their inability to communicate health problems increases the risk of early infection going unnoticed by parents or caregivers. Therefore, it is recommended that preventive therapy be provided to young children exposed to an infectious source. 5 The diagnosis of pediatric TB is challenging due to the paucibacillary nature, frequent extrapulmonary disease and difficulties of obtaining a sputum sample from young children. 4 As relatively few cases of childhood TB are confirmed microbiologically, immune-based tests such as the tuberculin skin test (TST) and T-cell-based interferon-gamma release assays (IGRAs) are frequently used for the diagnosis of M. tuberculosis infection. Although the sensitivity of TST and IGRAs has been shown to be similar, the specificity of IGRA tests is generally considered superior to the TST. 6 A definitive tool for diagnosis of M. tuberculosis infection does not currently exist, 7 neither TST nor IGRAs can be properly validated for their diagnostic performance, and comparative data are particularly scarce in children o5 years old. 8 Therefore, it is unclear how discordant TST and IGRA results should be interpreted. 9 TST and IGRAs measure different aspects of the immune response and use different antigens: TST measures the in vivo delayed type hypersensitivity reaction towards mycobacterial antigens in the skin, whereas IGRA measures the antigen-specific IFN-g release by specific T cells (QuantiFERON-TB-Gold-In-tube or QFTGIT) or the number of IFNg-secreting T cells (T-SPOT), in blood (post in vitro stimulation). An important aspect in the interpretation of discordant results 1 is the increased specificity of the IGRAs compared with TST due to the use of the defined antigens ESAT-6, CFP10 and (in the case of QFTGIT) TB7.7. As these antigens are absent in most environmental mycobacteria and the BCG vaccine, a positive response is expected to be more closely linked with M. tuberculosis infection. 6 Thus, the results from each of these tests are unlikely to be entirely interchangeable 6 and better understanding immune responses correlated with a positive or negative result in the TST or GFTGIT may help us identify biomarkers with diagnostic and/or predictive potential.
Therefore, in the setting of a previously described prospective longitudinal study of 4382 neonates in Southern India, 10 children referred to a TB case verification ward on suspicion of having TB were selected based on their TST and QFTGIT results (n ¼ 210) and analyzed for their response to a panel of pre-selected biomarkers at the transcriptional and translational level.
RESULTS
Identification of factors associated with subgroups in the study cohort The study flow chart and the clinical characteristics of the study groups are provided in Figure 1 and Table 1 , respectively. Fewer of the participants were QFTGIT þ than TST þ . A recent study in Indian TB patients reported a lower sensitivity for the TST than the QFTGIT assay 11 that appeared to be at least partly due to HIV coinfection, which is not the case here. Moreover, in a different study of pediatric TB patients from Delhi, we recently showed that the sensitivity of the TST and QFTGIT was not significantly different. 12 It is likely that multiple factors can influence these two tests, and in this context, we have reported similar results in Ethiopian children, where there appeared to be a reduction of TST positivity in children with concurrent parasitic gut infections. 13 For TST and/or QFTGIT-positive children, it was clear that children positive for QFTGIT alone were younger (Po0.001), more often had failure to thrive, Po0.001) and were more likely to have NTM isolated in clinical specimens (P ¼ 0.046). Although NTM were isolated from sputum/gastric aspirate samples, there was no evidence that it was associated with disease in these infants. The presence of NTM in these cultures probably reflects commensal or transient bacterial population, as previously found in healthy African study participants. 14 The proportion of children with malnutrition was differentially distributed between the groups (Table 1 (weight-for-height Z-score Po0.001) and (weight-for-age Z-score P ¼ 0.005)). The TST þ QFTGIT À group had the lowest proportion of children with wasting and underweight. Concordant positive (TST þ QFTGIT þ ) children more frequently had known TB exposure than discordant (TST þ QFTGIT À or TST À QFTGIT þ ) children (33% versus 4-5%) or concordant-negative (TST À QFTGIT À ) children (33% versus 0.9%). Concordant-negative (TST À QFTGIT À ) children were also less likely to have persistent cough (Po0.033) than TST þ or QFTGIT þ children (both concordant-positive and discordant-single-positives).
Comparison of gene expression and cytokine production in children with either concordant-positive or concordant-negative results It was assumed that children positive for both tests or negative for both tests probably represented the most polar differences with regard to immune profile and were thus analyzed first. Concordant-positives tended to be older than concordantnegatives and were less likely to have been referred on the basis of failure to thrive. They were also more likely to have a known TB contact (Table 1) defined as having a resident family member with sputum/culture positive TB. The results of the unadjusted and adjusted gene expression analyses are shown in Tables 2a and 2b. In the adjusted analyses, we found that the transcription of CD4
, and the production of cytokine/chemokine interleukin (IL)-2 (P ¼ 0.003), IL-13 (P ¼ 0.001), IFN-g (P ¼ 0.019), Interferon gammainduced protein 10 (IP-10) (P ¼ 0.005) and monocyte chemoattractant protein-1 (MCP-1) (P ¼ 0.018) were upregulated, whereas the transcription of BPI (P ¼ 0.015) was downregulated, in children with concordant-positive results compared with concordant-negative results (Figures 2a and b) .
Comparison of gene expression and cytokine production in children with either TST þ QFTGIT À or TST À QFTGIT þ results with concordant-negative results In adjusted analysis of children with discordant TST þ QFTGIT À results, the transcription of CD4 (P ¼ 0.045), TGFb1 (P ¼ 0.026), CD19 (P ¼ 0.035) and the expression of IL-2 (P ¼ 0.05), IL-5 (P ¼ 0.028) and IL-10 (P ¼ 0.05) were upregulated compared with results in concordant-negative children, whereas the expression of IP-10 (P ¼ 0.029) was downregulated (Tables 3a and 3b ; Figures 3a  and b) . Similarly, analysis performed on children with discordant TST À QFTGIT þ results showed that the transcription of CCL19 (P ¼ 0.038), FOXP3 (P ¼ 0.049) CTLA4 (P ¼ 0.034) and the expression of chemokine IL-8 (P ¼ 0.048) were upregulated compared with concordant-negative children, whereas the transcription of SEC14L1 (P ¼ 0.006) and CD3E (P ¼ 0.021) was downregulated (Table 3a and Comparison of gene expression and cytokine production in children with either TST þ QFTGIT À or TST À QFTGIT þ results with concordant-positive results In adjusted analysis of children with discordant TST þ QFTGIT À results, the transcription of CD4 (P ¼ 0.048), TNFRSF1B (P ¼ 0.008) and the expression of IL-2 (P ¼ 0.008), IL-13 (P ¼ 0.015), IP-10 (P ¼ 0.005) and MCP-1 (P ¼ 0.048) were downregulated, whereas the transcription of IL4d2 (P ¼ 0.045) and BPI (P ¼ 0.029) was upregulated in children with TST þ QFTGIT À results compared with concordant-positive children (Tables 3a and 3b ). Similarly, analysis performed on children with discordant TST À QFTGIT þ results showed that the transcription of CD4 (P ¼ 0.017), TIMP2 (P ¼ 0.027), TGFB1 (P ¼ 0.022), TNFRSF1B (P ¼ 0.019) and the expression of IL-2 (P ¼ 0.04) and IL-10 (P ¼ 0.021) were downregulated in children with TST À QFTGIT þ results compared with concordant-positive children (Tables 3a and 3b ).
Comparison of gene expression and cytokine production in children with TST þ results (including both QFTGIT þ and QFTGIT À ) with concordant-negative results Next, we explored the immune biomarker profiles in children with TST þ results (including both QFTGIT þ and QFTGIT À ) in comparison with the concordant-negative children. TST þ children tended to be older and were more likely to have both a history of TB contact and persistent cough than concordantnegative children (Table 1 ). In adjusted analysis for all TST þ children (n ¼ 75), the transcription of CD4 (P ¼ 0.002), TIMP2 (P ¼ 0.043), TGFb1 (P ¼ 0.003), TNFRSF1B (P ¼ 0.031), CD19 (P ¼ 0.048) and the production of IL-2 (P ¼ 0.002), IL-5 (P ¼ 0.033), IL-13 (P ¼ 0.005) were upregulated compared with concordant-negative children (Supplementary Figures 1A and B) . Interestingly, the expression of IP-10 (P ¼ 0.009) in unstimulated blood was downregulated in TST þ children compared with children with concordant-negative results (Supplementary Figure 1C) .
Comparison of gene expression and cytokine production in children with QFTGIT þ (including both TST þ and TST À results) with concordant-negative results QFTGIT þ children (including those with both TST þ and TST À results) were more likely to have a history of TB contact and persistent cough than concordant-negative children ( Table 1) . The results from adjusted analysis showed that the transcription of CD4 (P ¼ 0.008), ABR (P ¼ 0.02), TGFb1 (P ¼ 0.011), TNFRSF1A (P ¼ 0.043) and the expression of IL-2 (P ¼ 0.001), IL-8 (P ¼ 0.026), IL-13 (P ¼ 0.009), IP-10 (P ¼ 0.001) and MCP-1 (P ¼ 0.032) were upregulated, whereas the transcription of SEC14L1 (P ¼ 0.042) was downregulated in all QFTGIT þ children (n ¼ 40) compared with concordant-negative children ( Supplementary Figures 2A and B) .
Comparison of gene expression and cytokine production in children with TST þ QFTGIT À versus TST À QFTGIT þ results In adjusted analysis of the TST þ QFTGIT À discordant children, compared with the TST À QFTGIT þ discordant children, the transcription of SEC14L1 was higher (P ¼ 0.034) in the TST þ QFTGIT À children (Table 2a) as assessed by mRNA analysis. In the analysis of antigen-stimulated protein by Bio-plex, the concentration of IP-10 in the TST þ QFTGIT À supernatant was lower (P ¼ 0.001, Table 2b ).
Comparison of IP-10 and IFN-g production in children with concordant or discordant TST and QFTGIT results We compared the IP-10 and IFN-g production in antigenstimulated (TB-ag) and -unstimulated (Nil) samples from children with TST and QFTGIT concordant and discordant results. In TB-ag-stimulated samples, compared with unstimulated samples, the concentration of IP-10 was significantly higher in both the concordant and discordant groups, whereas the concentration of IFN-g was significantly higher only in concordant TST þ QFTGIT þ group samples (Figures 5a-d) .
Children with discordant TST À QFTGIT þ results (n ¼ 19) had a median IFN-g response of 1.11 IU ml -tests were used for evaluating whether or not the distributions of baseline characteristics were different across four TST and QFTGIT classifications. The significant P-values are highlighted in bold.
Baseline characteristics
TST and QFTGIT results may reflect immune biomarker profiles S Dhanasekaran et al DISCUSSION Current immunodiagnostic tests for TB, such as the TST and IGRAs, are unable to reliably differentiate progressive disease from latent or prior infection. In the current study, expression of a panel of genes selected on the basis of prior reports that their expression is differentially expressed during M. tuberculosis infection and disease 15 was analyzed in children segregated on the basis of their response to the TST and QFTGIT immunodiagnostic tests. The aim was to better understand the immunology underlying these immunodiagnostic tests, by identifying biomarkers associated with a positive test result. 16, 17 The panel of genes tested includes genes associated with activation of pro-and anti-inflammatory function, T-cell regulation, tissue destruction and cell death, innate immunity and adaptive immunity. Since gene expression of these targets was analyzed directly ex vivo, this was supplemented with a panel of cytokines/chemokines after antigen-specific stimulation.
The participants in this study were a subgroup from a larger cohort recruited as neonates and then followed up for the first 2 years of life-a period of high risk for M. tuberculosis infection and TB disease in TB-endemic regions. 2 Here, we report on differences in immune biomarker profiles assessed at the transcriptional and translational levels between children with concordant and discordant TST and QFTGIT results. The test concordant-positive children (n ¼ 21) and the test discordant children (TST þ QFTGIT À ; n ¼ 54, TST À QFT þ ; n ¼ 19), when compared with test concordant-negative children, had several immune biomarkers that were differentially expressed. The immune biomarker(s) FPR1, TNFRSF1A, and IFN-g were exclusively ( Figure  2 and Supplementary Figures 1 and 2 ) upregulated, whereas BPI was downregulated in the concordant test-positive children. This pattern is strongly suggestive of an enhanced inflammatory response: IFN-g is the prototypical pro-inflammatory cytokine: it has been shown to be essential for control of M. tuberculosis infection and to be upregulated in TB patients. 18 The TNF-receptor family appears to have a positive or negative role in progression to TB, depending on whether they are signaling (surface-bound) or antagonistic (secreted) for TNF-a signaling. 19 TNF-a itself appears to be essential for control of M. tuberculosis infection, and the expression of both TNF-a and its receptors is upregulated in TB patients.
20 FPR1 (formylpeptide receptor 1) is a member of the G-protein-coupled receptor family, shown to have a role in activation of inflammatory responses and apoptosis. 21, 22 Although differential expression of FPR1 has not, to our knowledge, been shown in M. tuberculosis-infected individuals, it has been shown that the response to formyl peptides (which can be potent activators of proinflammatory processes) is inhibited in monocytes from TB patients. 23 Our previous study showed that the transcription of BPI was downregulated in young children with TB disease compared with TB-uninfected controls.
10 BPI (bactericidal permeability-increasing protein) is associated with host defence in Gram-negative bacterial infections and exhibits potent endotoxin-neutralizing activity. 24 The downregulation of BPI seen in test-positive concordant children is therefore also consistent with an elevated inflammatory response.
When compared with the test-negative concordant group, some markers appeared to be elevated in children with positive results for both or either diagnostic test, namely IL-2, IL-13 and CD4, TGFb1. Of these, IL-2 and CD4 are not clearly associated with either an inflammatory or an anti-inflammatory response. IL-2 promotes T-cell replication and is essential for cellular immunity and granuloma formation, 25 whereas CD4 has a major role in host defence towards M. tuberculosis. However, both markers are Abbreviations: NTM, non-tuberculous mycobacteria; QFTGIT, Quanti-FERON-TB-Gold-In-tube; TST, tuberculin skin test; WAZ, weight-for-height Z-score; WHZ, weight-for-age Z-score. *P-value o0.05, **P-value o0.01 were considered to be significant. a Adjusted for age (months), nutritional status (WHZ and WAZ) and culture positivity for NTM. Table 2b . Bio-plex (10-plex) results based on cytokine/chemokine concentrations from the QFTGIT supernatant (TB-ag tube) Abbreviations: NTM, non-tuberculous mycobacteria; QFTGIT, Quanti-FERON-TB-Gold-In-tube; TST, tuberculin skin test; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score. *P-value o0.05, **P-value o0.01, ***P-value o0.001 were considered to be significant. a Adjusted for age (months), nutritional status (WHZ and WAZ) and culture positivity for NTM.
TST and QFTGIT results may reflect immune biomarker profiles S Dhanasekaran et al Figure 2 . Dot-plot graph depicting genes and proteins that are differentially expressed between concordant-positive (TST þ QFTGIT þ ) and concordant-negative (TST À QFTGIT À ) children. Data were adjusted for age (months), nutritional status (weight-for-height Z-score (WHZ), weight-for-age Z-score (WAZ)) and culture positivity for NTM. (a) The median with interquartile range of relative gene expression (log 2-transformed) of genes from peripheral blood and (b) the median concentration (pg ml
) of cytokines/chemokines in the QFTGIT supernatants after stimulation of whole blood with M. tuberculosis antigens.
TST and QFTGIT results may reflect immune biomarker profiles S Dhanasekaran et al Table 3a . dcRT-MLPA-based gene comparison between TST and QFTGIT test discordant children, test concordant negative children and test concordant positive children Abbreviations: NTM, non-tuberculous mycobacteria; QFTGIT, QuantiFERON-TB-Gold-In-tube; TST, tuberculin skin test; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score. *P-value o0.05, **P-value o0.01 were considered to be significant. a Adjusted for age (months), nutritional status (WHZ and WAZ) and culture positivity for NTM. Table 3b . Bio-plex (10-plex) results based on cytokine/chemokine concentrations from the QFTGIT supernatant (TB-ag tube) Abbreviations: NTM, non-tuberculous mycobacteria; QFTGIT, QuantiFERON-TB-Gold-In-tube; TST, tuberculin skin test; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score. *P-value o0.05, **P-value o0.01 were considered to be significant. The former inhibits autophagy of intracellular mycobacteria in murine and human macrophages and counteracts IFN-g-induced autophagy, 26, 27 whereas the latter performs many cellular functions and is involved in wound healing of granulomatous lesions in TB. 28 Interestingly, there was no overlap in the biomarkers tested (at the transcriptional or translational level) that were differentially expressed in the TST and QFTGIT test discordant children compared with the test concordant-negative children, supporting previous data that these two tests for M. tuberculosis infection identify different components of the immune response. 6 The markers that were significantly different between the test discordant (TST þ QFTGIT À and TST À QFTGIT þ ) groups were SEC14L1, which was significantly lower (P ¼ 0.034) in the TST À QFTGIT þ group and IP-10, which was significantly higher (P ¼ 0.001). As also shown by Whittaker et al., 29 this study shows that IP-10 is a more potent marker of antigenic stimulus than IFN-g (median fold changes in stimulated (TB-ag) versus unstimulated (Nil) QFTGIT supernatants for IP-10 and IFN-g, respectively; TST þ QFTGIT þ : 10.6 versus 4.8, TST À QFTGIT þ : 2.5 versus 1.0, TST þ QFTGIT À : 1.6 versus 1.3 and TST À QFTGIT À : 1.2 versus 1.0). The lower expression of SEC14L1 in the TST À QFTGIT þ group is unclear. SEC14L1 does appear to have some role in immunity as a negative regulator of antiviral responses 30 and as a potential marker of late-stage prostate cancer. 31 The performance of the TST and IGRAs is not equally affected by age 32 immunosuppression due to HIV and malnutrition. 33 The prevalence of HIV in India is low (o0.5%); 34 however, 440% of the children were classed as malnourished in the present study. Malnutrition has an impact on the age-dependent maturation of the immune system in children; 35 therefore, a high proportion of young children that are malnourished could potentially be a challenge in studies that evaluate M. tuberculosis biomarker(s) for infection and disease.
In conclusion, this study confirms that TST and QFTGIT concordant-positive children are more likely to have a history of risk factors for TB, similar to results in adults, 36 and display a profile of biomarkers consistent with enhanced inflammatory responses (and thus consistent with infection). In contrast, children with only a single positive test result display a more mixed profile with activation of both pro-and anti-inflammatory markers. Interestingly, the two tests have little overlap between the biomarker profiles they identify, consistent with the suggestion that they measure different components of the host immune response. Whether discordant results represent differences in M. tuberculosis complex genotype, mycobacterial species and/or infection load together with an age-dependent immature immune response in young children along with their nutritional status remain to be elucidated.
MATERIALS AND METHODS

Study details and classification of study subjects
The sample collection and study design have been previously described in detail. 10 Briefly, 4382 neonates (representing those who agreed to participate from the annual birth cohort of the study area) were enrolled and followed up for 2 years. Thus, by study end, all participants were aged 2-3 years (Figure 1 ). The neonates included in the study were all BCG-vaccinated within 72 h of delivery by the study team and were enrolled within 2 weeks from the date of birth with parental consent. Of these, 746 children with suggestive symptoms of TB (cough X2 weeks), failure to thrive (unexplained weight loss/delay in a child's growth according to weight for age growth chart, persistent tracking below the 3rd percentile of weight for age) or history of contact with a TB patient and a TST X10 mm at study closure were referred to the TB case verification ward for a diagnostic work-up that included: clinical examination, chest X-ray (anteroposterior view), two induced sputum and gastric aspirates (for smear and culture) on consecutive days, TST and QFTGIT. Induced sputa and gastric aspirates were examined by smear microscopy and culture by MGIT and LJ by standard methods. 37 Positive cultures were confirmed by using the HAIN kit (GenoType MTBC, Hain Lifescience GmbH, Nehren, Germany). Direct PCR (The COBAS TaqMan MTB Test, Roche Diagnostics, Basel, Switzerland) was undertaken on culture-negative specimen for infants with CXR finding suggestive of TB.
TST was administered with 2 TU per 0.1 ml of purified protein derivative RT-23 (Span Diagnostics Ltd., Bangalore, India) and read after 48 h. For the analysis discussed in this manuscript, 210 children (selected as described previously 10 ) with a full clinical workup, whose parents had also consented to a blood draw, were exclusively classified by their TST and QFTGIT results. According to the Indian Revised National Tuberculosis Control Programme guidelines, 38 a child is considered TST-positive if an induration of X10 mm was observed. A QFTGIT test was considered positive if the antigen-specific IFN-g response was X0.35 IU ml À 1 , and the mitogen control was positive, as recommended by the manufacturer. Twenty-one children were positive for TST and QFTGIT (concordant-positive), 54 were TST þ QFTGIT À and 19 were QFTGIT þ TST À (both groups defined as discordant). Children (n ¼ 116) who were negative for both TST and QFTGIT were classified as concordant-negative (Figure 1 ).
Sample processing for immune biomarker analysis
For identifying biomarkers at the transcriptional level, a method that uses a pre-selected panel of genes, dcRT-MLPA, was applied. 15 The 49 genes in the panel consisted of four housekeeping genes, used as internal controls, and 
45 genes identified by the partners in the Bill and Melinda Gates foundation Grand Challenge project no. 6 consortium as differentially expressed during M. tuberculosis infection and/or disease in adults, 15 by screening of different populations using qPCR and microarray. Total RNA was extracted from the PAXgene blood collection tubes using the 'PAXgene Blood RNA kit' with RNase-free DNase on-column digestion (PreAnalytiX, Hilden, Germany) according to the manufacturer's instructions. The RNA concentration and purity (A 260/280 nm ratio) were measured using a Nanodrop spectrophotometer (Thermoscientific, Wilmington, DE, USA).
For the dcRT-MLPA experiment, 130-150 ng of total RNA was used. Samples with a concentration o50 ng ml À 1 were concentrated at 45 1C using a speed vacuum concentrator (Eppendorf AG, Hamburg, Germany). The dcRT-MLPA experimental protocol has been described in detail previously. 15 The amplified PCR products were diluted 1:10 with nucleasefree H 2 O and added to a mixture of Hi-Di-Formamide with 400HD ROX size standard. The denatured (at 95 1C for 5 min) products were immediately cooled on ice. Fragment analysis was performed on a 3730 capillary sequencer (Life Technologies, Carlsbad, CA, USA), and the data were imported into the Gene mapper software (Life Technologies) for further analysis. The peak area data (in arbitrary units) of replicates were averaged, normalized against GAPDH and log2-transformed as described by Joosten SA et al. 15 Of the 45 genes analyzed, seven had expression levels below the cutoff value of 7.64 (corresponding to a peak area o200 arbitrary units) and one gene, CD14, colocalized with a primer-dimer peak and was therefore omitted from further analysis.
For the identification of biomarkers at the translational level, supernatants from the QFTGIT assay (Nil and TB-ag tubes; n ¼ 210) were analyzed by a customized 10-plex cytokine/chemokine kit (Bio-Rad Laboratories Inc., Hercules, CA, USA). For data analysis, the cytokine/ chemokine concentrations (pg ml À 1 ) in the Nil and TB-ag tubes were used. The cytokine/chemokine concentrations in the unstimulated (Nil) and stimulated (TB-ag) tubes were analyzed individually.
Statistical analysis
Differences in baseline characteristics of the study cohort were assessed by the Pearson's w 2 -test (with Yates continuity correction) or Fisher's exact test. Differences in immune biomarkers (as measured using the dcRT-MLPA and the Bio-Plex assay) between groups categorized by TST and QFTGIT results were evaluated by univariate logistic regression analysis with and without adjusting for age (months), nutritional status (weight-for-height Z-score and weight-for-age Z-score) and the presence of NTM in the specimens. Adjusting variables were selected based on their potential to affect the host immune response with a subsequent impact on the following immune biomarkers: (1) age, evidence suggests a positive correlation with a positive TST and QFTGIT; 39 (2) malnutrition; 33 (3) NTM infection can potentially give false-positive TST results. 40 A double-sided P-value o0.05 was considered significant. SPSS software version 19.0 was used for the statistical analyses (IBM, Bergen, Norway). Dot plots were created using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA).
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